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The world is aware of India's agricultural miracle. To quote a 
recent article in the New York Times "India once written off as a 
hopelas case has almost tripled it8 food production in the last 30 
ycars and now has a comfortable reserve for future bad years." 
Dr. I.G. Patel in last year's Coromandel M u r e  spoke of the anguilh 
of those bad years in the lat: 6%; anguish because so many people 
suffered and hungered and anguish at the contempt in which India's 
efforts towards self sufficiency in food were held in those unhappy 
days. Recently an American writer predicted that India could soon 
h o m e  the world's number one producer of grain. Quite a change; 
from a basket case to a bread basket in a few decades. The man we 
honor today, Norman Borlaug, has become a symbol throughout the 
world for the potential for improvement in agriculture that doas exist 
in India and, indeed, in most developing nations. 
The succcss that has been achieved here has been accompanied 
by improved agricultural infrartructure and supply of inputs and the 
development of an adequatt market structure. We can believe that a 
reasonable rate of progress will continue, that periodic drought8 will 
be withstood and that an agricultural base for the improvements of 
other Motors of the economy now exists. The manner in which the 
wuntry weathered tho 1979180 drought described by many as the 
worst drought of the century illustrates the solidity of the existing 
agricultural nectar. In my travels around the world I have on levera1 
occasions a m a d  peaplt by iaforming them that India sustained the 
worst drought of the century in that year. They did not know, had 
not even heard. There was no starvation, no catastrophe, no massive 
food aid from foreign sources. The world press, finding nothing bad 
to write about, wrote nothing and the world stayed unaware. 
This is not to say, of wurae, that the worst drou&t of tho century 
pPased without trace. We wdl know in this country of the many 
problems that were caused-the draw down in food stocks, the loss 
ofhydroclstric energy, the redwed utiluption of industrial capacity, 
and M C ~ C  idation. Further droughts in several areas of the country 
in 1980/81 aggravated the piobiem and lengthened the rwvsry 
period. The prospect8 for this year's harvesl seem good and this may 
complete the rcoovery and consign the 1979/80 drought to history. 
A brief smile of satisfaction can be allowed all around. India, as the 
Rime Ministex was quoted as having a i d  at the r a n t  North-South 
Summit at  Carnun, is again poised to take OR for rapid development 
and rapid rcdvotion in poverty. 
Agricultural progress must continue but at a greater rate than 
ever before. Plans to ensure that this will be done are in hand and u e  
embodied in the chapters of India's Sixth $-year Plan. A compound 
growth rate of 5.2 % per annum is projected for agrioulture for the 
Sixth Plan period, the same figure that is projcoCed for growth in the 
economy as a whole. The Plan reads very well, all the interlocking 
calculations have no doubt b6m done, the target8 and projections 
ckm to make sense, and the general tone is optimistic and wn6dcnt. 
And yet it may not be enough. 
The Food and Agriculture Organization, in a recant document 
prepared for the Seventh Ministerial Snaion of the World Food 
Council (WFC/1981/5), estimates that world cereal production needs 
to increase at 4 % per annum to meet oonsumption requirements, or ( 
at a greater rate if stocks are to be replenished. The National Plan- 
ning Commission projection of 3.65% gtowth in Indian cereal pro- 
duction over the Sixth Plan period is below the consumption require- 
ment projected by FAO. The difference of 0.35% is significaat 
h u r e  India is such an important nation in the world grain wene. 
Non*heless, the Indian projection itsclf must be considered some- 
what optimistic. At no time in the last 30 years ha8 the annual 
growth rate in cereal production for any 5-year p a i d  reoohed 
3.65%(1). Mostly it has been below 3%. Can India then do more? 
Can it reach it8 own projected targets7 Can it exoccd t h m 7  Can it 
rueh  a growth rate of 4.65 % instcud of 3.65 % and thus supply grain 
to other nations and contribute to  the rcplmkbment of world food 
stoAs7 
If this is possible at dl, it is most likely to be in thole a m  where 
Plan projections equal or are below r w n t  performance tmnd,. Table 
1, modified from a table in the S i t h  Plan, gives the figures for cmsl 
production for tho 1979/80 base, the production Urgd for 1984/85-- 
the end of the Plan period-the production growth rate ncaasPry 
to achieve the target production, and the beat growth r a m  in yield, 
per ha achieved in any w e n t  E y u r  period for the major weal 
mops of the nation. The Bgures in the last column of the table will 
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vary, of cornas, depending upon whioh yearn are chosen and how 
average yields arc computed, but an examination of the actual yields 
over the Lprr 10 years for whioh published figures are available 
(1968169 to 1978179) show that the trends in yield are accurately 
enough portrayed by the figures shown, exapt perhaps for pearl 
millet for which the year-to-year fluctuations are rather large. 
Tsbk 1. Roddkm 19791(0 to 191UIVS. .ad mrtb n t m  f a  Pmdvnlw 
~ ~ W o f c u a b b ~  
'80 to recent 1. 
1984185 year psriod (million tonnn) 
--
% (%L 
Rice 
Wheat 
Total 4 s  116.25 139.10 3.61 
.Dam for oduetion and production growth nta tnkm Born Sixth 5.Yw 
Plm, ~ a b g 9 . 6 .  
The trends in yield suggest that opportunities do exist to increase 
mea l  production above the projections of the Sixth Plan with 
sorghum and othsr coarse grains, meals  grown mainly under rainfed 
conditions. Is this now the time, then, for rainfed agriculture to 
contribute more than its allotted share to the growth of agricultural 
and food production in this country? 
if in-s above the Sixth Plan projections are desirable, should 
they be nought in wheat and rice ratha than in coarsd grains? 
Recent growth in yields p a  hcotve fur these two crops are below the 
substandal growth in their prodwtion already required hy the Sixth 
Flan. Thus furtha increacnr in their production could be achieved 
by inorcuing the area of h d  upon whish they are grown. For 
h a t  and r i a  this muna increacine the area of irrigated land above 
tho 4.7% annual avsrsge growth Gte projected in-tha Sixth Plan, 
whioh would bo &ult and costly to &%icve. 
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In oantnrt. the growth n k a  in yielL pa hr for rorghum and 
pearl millet are well abave their produotion growth raka projected 
in the Sixth Plan. Even if land area used for thew crops d&reaced, 
it still would be relatively easy to achieve higher than projected rates 
of production growth. 
Approximately 142 million hectares of land arc cultivated in 
India every year. Of this area about 104 million hectares is used in 
raided agriculture. Boxuse the possibility of bringing more land 
into cultivation ig small, major attention must be given to increasing 
the w of existing land. 
Massive development of irrigation will be the main approach. 
The Sixth Plan projects irrigation to increase at an average compound 
growth rate of 4.7 %per year, similar to the projected rates of growth 
for rice and w h a t  production. By the mid 1990s some 72 million 
hectares of oultivated land will be irrigated. The remaining 
million hectares, or nearly 50% of the cultivated land, will r e m i n t  
rainfed agriculture. 
The rainfed agricultural areas lie mostly in the center and west of 
the country between latitudes 12 degrees and 28 degrees north 
bounded longitudinally by a,line running through Dehra Dun and 
Hyderabad on the cast, and the national boundaries or the Western 
Ghats on the west. Nearly all the districts in this region have less 
than 25 % irrigated land and most have less than 10%. Twenty of the 
24 stations of the All India Coordinated Reseatoh Project on Dry- 
land Fanning, Be west of the line batw~tn Dehra Dun and Hydera. 
bad. The r e w i n g  four stations lie in the raided rice growing areas 
of the eastern stam. 
The mean mnul rainfall in the rainfed arca varica from about 
350 to 1400 mm. It is seasonal and received mostly during the south. 
west monsoon except in the southeest where additional rain is receiv- 
ed in the northpaat monsoon in the laat few months of the yur. 
Most of the region is ~mi-ar id,  but a substantial area in Rajaatha, 
Gujaru, and between Sholapw and Ananthapur is arid, with rain. 
fall of MO mrn or lau falling in j u t  one or two month#. 
The roils arc mostly blaak-Vertuols and maociated I 
soilr. But many other soils a h  oocur in this vast area. Rod soils-- 
Al5wb-predominate in the southern raided regioiu Mow 
Hydenbad, red and yellow soils-Ultisola-in castern India. and 
alluvial soils in the rainfed apricultural areas of the river basins. The 
t shno lo~v  ured in rainfed farminn must be tailored to the soils to 
which it 2 applied. 
Currently the rainfed region provides only 42% of food grain 
production, but almost all the coarse pains, pulses, a substantial 
amount of rainfed rice and wheat, and most of the cotton are pro- 
duced there. Average yields are low, generally below 800 kg/ha. It is 
not difficult to believe that these low yields can be increased by 50 
to 100% with thc tcehnologies that now exist. 
Developing Tbe Raided k e n s  
The Lead Combination-Improved S e e d  and Ferfiiizers 
The subsistence farmer on closc acquaintance proves to be a 
rational human bcing experienced in making economic choices and 
decisions. He is a subsistence farmer more by circumstance than by 
hoice. Offcr him proven opportunities to significantly increase his k come and improve the quality of his life and he will gladly accept 
them. But do not expon him to acoept technological changes that arc 
not adequately tested or understood, or which cannot fit his circum- 
stanoes. The more complicated the tmhnoiogy, the less willing he will 
be to try it. The possibility of adopting a package of practices piece- 
meal is Likely to have considerablu appeal. 
The combination of improved, input-rdsponsive seods end fefti- 
lizcrs is composed of cicments with which most farmers now have 
aome acquaintance, is sale  neutral and simple enough to try. An 
overwhelming body of evidence sugg,:sts that thc combination 
succeeds in nearly all years in most rainfud regions. Its adoption 
provides substantial financial bcncfits to the faimcr, changiG his 
attitude towards intensive anrioulture and nivina him the confidence 
- - 
to accept other improved practiocs. 
Improved Seed 
The combination of genes for reduced plant helgnt and YedWd 
,susceptibility to lodging with genes for rcaponsivencss to applied 
nutrients rzsultcd in quantum jumps in the yields of wha t  and rice in 
irrigated ogricultwe. Similar approaches are proving suooesoful with 
msizc, wrghum, and the millets grown in rainfed conditions, 
Improved varieties and hybrids signifiuautly outyidd local varieties 
in most years in most rainfed areas. The coat of purchPsing improved 
weds is small for thme crops and the benefits are subltantial. The 
ratio of benefit to additional cost is often in excess of l&by all 
standards suthcient to ensure widespread adoption. Satidactory 
grain quality, earliness, and suitable levels of d i m  and pest resist- 
ance are nsosssllry in combination with the high yields to make the 
improved cultivars attractive to farmers. Although year-to-year 
variability in yield is higher for improved cultivars than for local 
varieties, the yield gains and other characteristics of good cultivars 
are sufficient to persuade farmers to take the higher risks involved. 
In Maharashtra State, hybrida now make up 35% of all sorghum 
planted in the rainy season, and improved varieties make up more 
than 70% in the postniny season. Average yields in the State are 
50 % higher than they were 10 years ago. 
ln spite of thc apparent benefits, Ate8 of adoption of improved 
seeds of the dnland nous Ian far behind the rate of adoution of high . - 
yielding varieies of irrigated whoat, although they are not so ia 
behind the rates for high-yielding varieties of irrigated rice (Table 2 i  
Sometimes improved cultivars are susceptible to pest a W k  when 
grown near local varieties, or their grain quality is judged inferior or 
they do not provide enough straw for forage. These are generally 
transient problems that diminish in importance as the improved 
seeds spread. Transient, too, is the farmer's pmception that the new 
varieties are more risky in rainfed conditions. New varieties and 
hybrids now go through many years of ta ts  before they are released 
for farmerr' we. They perform better under strear than local varieties, 
and k n m  under both low and high fertility conditions also. 
Perhaps the ,mjor reason for the slow rate of adoption is that 
the introduotion of new seeds alone does not represent a large 
enough change in the pattern of traditional agriculture to arouse 
the farmer's interest. Small faults or problems either real or imagined 
associated with the new seeds dissuade him from trying them. They 
are simply not worth the trouble. 
F e r t l h  
Although most of the soils in the rainfed area of the country orel 
low in fertility, pulicululy in nitrogen, phosphorus and z i r~~,  
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fertilizers are not commonly used in rainfed agriculture. District8 
with less than 25% irrigated land use an average of 18 k g m  of 
fertilizers (N+ P,O&+K,O) p a  hectare of croppod area, compared 
to 57 kg/ha in irrigated districts. Most of the fertilizers used in 
these unirrigated areas arc conccntratcd on the small areas of 
irrigated crops such as rice and sugarcane, but some are used on 
dryland cash crops such as cotton, tobacco, and groundnut, or on 
high-yielding cultivars of sorghum or millet. 
There is much evidence to show that fertilizer use is economic 
on the staplc, rainfed c ~ ~ c a l s .  Scv~ral hundred exparimcnts on 
cultivators' fields with sorghum, maize and pearl millet in rainfed 
areas of India have given avcragc gains of 14 kg of grain pet kg 
of N and 7 kg of pain per kg of P,O,. Bcncfit-to-cost ratios are 2.5 
or bcttn. Responses to trtilizers by available varieties of rainy- 
season sorghum and pearl millet arc generally better than responses 
by rainy-scason maize or postrainy-season sorghum. 
Soil type and particularly water-holding capacity of the soil 
have significant cff~sts on the efficiency of fertilizer use. Crops grown 
on the same soil in the rainy season will usually havc higher ferti- 
l i z e r - ~ ~  cfficicncies than crops grown in thc postrainy season on 
receding storcd moisture. 
Correct timing and placomcnt of fertilizers arc important for 
beneficial results. Nitrogen is most eff~ativcly used in split appli- 
cations. When used compound fcrtilizsrs, containing nitrogen, 
phosphorus, and sometimcs othur nutrients, should be properly 
tailored to the needs of crop and soil. Farmyard manure, green 
manures, or legumes in rotation arc all valuable contributors of 
nutrients that can reduce to some extent the amounts of commercial 
fertilircrs that must otherwise be uwd. 
Although the results would suggcst that fertilizer use alone is 
a satisfactory lead practice, there are too many examples where 
fertilizers added fa local varieties did not provide signifioant im- 
provements or did not cover the additional cost involved. Although 
far too few experiments have been carried out long enough to 
obtain useful probabilities over timc, the ncgativr? rosults are suffi- 
cient to feed farmers' fears and detor government agencies from 
recommending the application of furti!iers to local cultivars. 
particularly In dryland agriculture. B~xause of this lack of intzrcst 
or enthusiasm, the distribution system for supplying f~mtilizers in 
a timely manner to the villagos is seldom adequate and further 
hindm their adoption. Inappropriate reoammendations of balanced 
fertilizers do not help. 
C o m b i ~  S d s  ud FatlliEen 
Although use of improved seeds or the addition of fertilizers to 
local varieties provide added benefits in most years, Ihe additional 
yield of 300 to 400 kg/ha is not sufficient to lead to change. A combi- 
nation of improved scods and fertilizer, however, yields in additional 
1,000 to 1 - 9 3  kglha or more, gives positive and beneficial yields 
consistently. and provides the .spark that is needed. The added 
benefits, often exceeding Rs. 2,000/ha, can significantly improvc the 
fanner's income. The greater yields can signiRcantly increase the 
production of food grains in the country. 
Farmers are already aware of the value of combining improved 
seeds and fertilizers in the rainfed areas. Where adapted fertilizer- 
responsive varieties or hybrids are grown, they are usually ferti- 
lized (2). There are 20 rainfed districts in the country in which 
,wrghum is an important rainy-season crop. In 16 districts farmers 
fertilize more than 75 % of the improved rainfed sorghum cultivars 
they grow: in 7 they fertilize it all. There are seven districts in which 
pearl millet is an important rainfed and rainy-season crop. Farmers 
fertilize more than 75% of their improved, rainfed pearl millet 
cultivars in all but one of the districts. 
If these farmers have already adopted the combined use of 
improved seeds and fertilizers to  their benefit, then many more 
could and should. But there are some deterrents. Although the 
added benefits are substantial, the added cost ranging from about 
Rs. 400 to 1,000/ha can be a problem for the small or marginal 
farmer who lacks mesa to institutional credit. For example, the 
lack of well adapted fdilizer-responsive cultivars for postrainy- 
s tuon  sorghum obviously prevents the use of the combination. 
Inadequate fcrtilim distribution, inadequate extension, and in- 
adequate infrastructure in gencral are deterrents to the adoption of 
improved seeds plus fordlirm, as they are to other improvements 
in agriculture. 
The lead combination of improved s d s  and fertilims is a 
aatirt.otory and relatively inexpenlive beginning strategy through- 
out the rainfed meas, but it will give only Limited benefib and wmb 
tima cnrrio nru lb  if it in not combined with other improved 
practiocs. The rest of the package is n-ry to take recount of 
the basic climatological m d  soil characmistica in d i i m n t  uas 
and districts to assure stability of yields, ameliorate aam of the 
effccu of drought, and innoere food production per unit of b d  
and capital. 
Improved mumgcmdat of loll 
Effective soil management practicnr in the rainfed a r e a  p r o d w  
a suitable a d b e d ,  ensure the propet placsment of seed and ferti- 
lizers, control weeds, oomerve roil moisture, and minimize runoff 
and erosion. 
Dry-season p ~ i m r y  tillage is now a common practice in m y  
rainfed areas. The soils are plowed or harrowed in March or early 
April, after any postrainy season mop is harvmed. h u r e  there is 
still nome moisture in the soil, the power required for tillage is lnrs 
than it would be later in the season and draft animals are well-fed 
and strong. Some weeds will pow, but these can be removed in the 
final preparation of the seedbed, which is done nearer to tho onse 
'r of the rains. Premonsoon showers, which are nearly certain dimatic 
events in most rainfed districts, will soiten the soil for 6nal land 
preparation. 
Crust formation on the surface is a problem with many eandy- 
textured soils. The power required to break the c r u t  is low but tho 
crust reforms after rains, impedes seedling emergence, and inmoues 
runoff and erosion. Incorporating organic moMr into the roil helps 
to dwrcase the strength of the must-probably by i n a w i n g  roil 
moisture near the surface--but no sscisfactory teohnology yet exbb 
for dealing permanently with this problem. 
Time of plaqring is important for both rainy-and postrainy- 
season crops. Planting as early as the r a h  will permit is now firmly 
recommended. This makes bast use of available water, avoids catsin 
p a t  and disease problems, and ensures good yialds in most ycus. 
For soils that have low oapff i ih  ta store moisture, vory early p b t -  
ing may not be the wisest c o w  because of tho ma!ic early-season 
rains. Planting 2 weeks aRer the onset of the ninr gives g c n d y  
better and safer yields for thew aaib. Robabilities baaed on dimat* 
logical evidence can now be ueed to predict optimum planti* dates 
for various qops on d B m t  roils. 
AoGuIate plocomcnt of Kd and fatilizm OMunr hi@ Mulling 
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densities, vigorour early powth, and resistance to drought, but is 
seldom attained in traditional agriculture. Racticable and economic 
new technologies to  ensure accurate placement in rainfed conditions 
with bullock-drawn equipment have yet to be developed. Great 
gains can be made here from inarcascd research. 
Timely wsed control measures are important to conserve moisture 
under fallow and to avoid ~ o m ~ e t i t i o n ~ t o  the standing mop. Poor 
weed control c m  reduce yields by 50 %or more. The use of herbicides 
- . .- 
ia uneoonomic or unwmmon except on some cash mops. and weed- 
ing is done manually or by using animal-drawn implements. Weed- 
ing is a major source of employment for landless labor. 
Improved mamgerrrmt of rrlot.ll 
In the rainfed areas of India there is no normal rainfall year. 
Erratic rainfall Tdling on soils with poor infiltration characteristics 
causes many dificulties and problems. The use of straw mulches or 
deep plowing are proven techniques for improving infiltration and 
available soil water, but are not practicable in present-day Indian 
condit~ons, where nearly all crop residues are removed from the 
land and bullock-power is generally inadequate to allow decp 
tillage. The solution is to use the small watershed as the basic farm- 
ing unit, making we of its natural topography and drainage patterns. 
Contour farminn or the use of ridges or broadbeds and furrows 
within the watcrsced greatly impro;e rainfall management and 
water availability to crops where the land has gentle slopes. Bench 
terracing is needed where slopes are greater. 
Land treatment oan be carried out by the farmer himself in 
gently sloping land at very little aost. Land smoothing oan be ac- 
complished with traditional equipment, and bullock-drawn equip- 
ment and implements sre now available to make the graded ridges 
or beds and furrows. Contour bunding appears to be no longer 
rccommonded for Vertisols. Bench t a r x i  and the wnstruct~on 
of wnmvation structures and communiOI drains will all rcauire 
active govornmt  woperation. Many o f t h e  benefits from these 
measures Parue to the community as a whole sad those that are 
eaptured by the fanner himself are usually of a long-tern nature. 
It is appropriate in them oLDumstances for government to provide 
aubtmtial h c L l  support and incentives for these measures. 
Dry weding before the omel of the nins ir a means to in- 
water-urr efhoiency on soils with good water-holding apac i t i a  
It is not a difficult practice for farmen to understand and d o p ~  
but it har not been proved svacssful with all crops. The utilintion 
of deep-rooted plants that harvest the water in the lower horizons 
of the soil increase the efficiency of water use. 
Roper dd- of E I ~ P P ~ Z  lyltcrm 
The best crops and cvltivars to use in any particular district 
depend upon climate, soils, and agricultural and snciocconomic 
traditions. Considerable eKoN by the All India Coordinated 
Research Project for Dryland Agriculture have now determined 
the most appropriate crops for most of the rainfed regions of India. 
Intercropping and sequential cropping are common enough 
praeticen now in rainfed apriculture. They increase the efficiency in 
use of natural and capital resources, and return two incomes a 
ycar from the farm instead of one. 
Intercropping has traditionally b a n  the small farmers' means 
of reducing risk and extending the cropping season. Research has 
confirmed the wisdom of the farmers' praotice-cven though not 
all farmers' combinations are scientifically sounddnd  intercrop- 
ping combined with improved sccds, fertilizers, and improved soil 
management is a highly profitable and stable means of increasing 
crop yields and cropping intensity in rainfed agriculture. Many of 
the rainhd black soils traditionally cropped only in the postrainy 
season can produce two crops a year without dicul ty,  l n t m o p  
ping is one way to bring about this major increase in production. 
Double cropping, that is, the growing of two wle c r o p  in 
sequence, is an alternative to intercropping favored by the larger 
farmer or by farmers with some accco~ to irrigation. Input-responsive 
cultivars an g e n d y  earlier maturing than I d  varieties and 
in- the possibilities for double cropping. 
On Alfisols and sandy alluvial soils, whicb do not store enough 
moisture to allow production of two crops a y a r ,  multiple crop 
ping can at least allow,rhe w o n  to be exlondcd. The Relay c r o p  
ping may be possible where very short sacon c r o p  siaoh u early 
millets, mung kan, or cowpea arc grown. In-pping with long- 
w o n  hardy c r o p  such as aslor or pigconpa ensum Gx use of 
&dual soil moisture and provido mobturr and provida wmc 
dditionrl yield. 
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smpphatd LLlwa* brlptlol 
Dry periods within the n o r d  rainy seuon are typical of many 
monsoonal dimatm even when normal or above normal seasonal 
rainfall occurs. The result is mually a reduction in crop yield 
erpaially on soils the4 have relatively low water.holding capacities. 
Having water available for supplemental irrigation is an important 
means of leducing risk and improving production in rainfed 
agriculture. 
Many of the farmers in rainfed areas have access to water from 
wells, stream, and tanks. One survey has estimated that 50% of 
the farmers have some source of minor irrigation and that with the 
water available they can irrigate about 4 % of their land. The amount 
seem small, but it probably can be used more efficiently for life- 
paving irrigation on fertiliwd, high-yielding upland crops than on 
small areas of rice. In a much-quoted example from ICRISAT one 
5-cm irrigation strategically applied during a dry spell on a red 
Alfisol nearly doubled the yield of sorghum and maize. At product 
prices prevailing at the time of harvest, gross values were incrcased 
by Rs. 3,12O/ha for maize and Rs. 2,780 for sorghum. Our chairman, 
Sir John Crawford, in the fourth Coromandel Lecture, estimated 
that water will add about 503 kglha to the yield of grain crops. 
During the postrainy season supplemental irrigation can sub- 
stantially boost crop yields bcoause residual soil moisture is scldom 
sufficient to prevent drought stress at important physiologioal stages 
of growth. The appropriate time for this irrigation must be chosen 
with care to make best usc of the water applied. For chickpea, a 
typical postrainy-season mop, irrigation before sowing is highly 
beneficial in ensuring good stand density and a profitable crop. For 
gnin sorghum, rhc most important times for supplemental waQ 
are panicle emergence end Bowming. 
Significant opportunities exist for water harvesting in the rainfed 
areas. Runoff from heavy rains occur in all but the driest years 
providing opportunities for water harvesting. So far. successful, 
profitable examples are few and spmific to looation. They should 
be exploited. A concerted research effort is required in other rainfed 
BmetW .ad foltl in r(clmbc aoptloa of t#booldm 
At ICRISAT over the LPBt 5 years, data have been obtained on 
the benefits and coats of -wise adoption of improved technology 
on a deep Vertisol, which is typical of soils that owur in the center 
of the rainfed region, and an Alfisol, typical of soils that occur in 
the south. The rainfall at ICRISAT-about 800 mm annually-is 
in the middle of the range for the rainfed areas. The examples. 
therefore, may have relevance in a fairly wide area, but evidenw 
suggests that they will not apply to those black soil a r e s  where, 
because of paucity of total rainfall or shdlowness of soil, no more 
than one crop per year is feasible. 
The data are given in Tables 3 and 4, expreswd in rupees per 
hectare instead of yields, because various crop combinations were 
tried over the period of the experiments. The results are averages for 
five separate experiments over a Cytar period. 
On the Vertiaol, additional gross returns of Rs. 894 wcrc obtained 
from the use of improved seeds alone (Table 3). The average addi- 
tional cost of the seeds was only Rs. 43 per hectare, giving a benefit- 
to-additional-cost ratio of 20.8. Fertilizers alone, without improved 
seeds, gave an added value of Rs. 669 for an extra cost of Rs. 346. 
The benefit-to-cost ratio of 1.9 would not be sumcient by itself to 
induce farmers to accept fertilizers. Furthermore, in some years the 
returns to fertilirers alone w a e  not sufficient to cover the costs 
involved. 
The combination of improved sueds and fertilizers resulted in 
a very substantial increase in gross returns of Rs. 2.175/ha more 
than double the gross proRt obtained using traditional practices. 
The cost of fertilizer and seed was Rs. 440, giving a benefit-rpooat 
ratio of 4.9. The profit from the combination of improved seed and 
fertilizers was more than the cost in all five experiment$. 
Combining improved seeds and fertilizers with improved manage- 
ment, in this the use of raised beds and furrows, more careful 
plaaemmt of s a d  and fertilizer and more intensive woeding, that 
is. a full package of improved practioes, inoreased gross returns by 
Rs. 3,086. Avcnge added costs were Rs. 327 for a benefit-cost ratio 
of 9.4. The ure of supplementary water increased profits by an addi- 
tional Rs. 570, equivalent to  about 5 quintals p a  h a  of in- 
crused yield, confirming the figure given urlier by Sir John. 
In the similar set of experiments mdua ted  on the Alfisoh, 
avmge grons s turns row from Rs. 1,403 per hkllre under simu- 
lated traditiolul practices to Rs. 3,823 using improved seed, ferti- 
lizer, and management (Table 4). Avmgc grow p r o h  rose from 
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Treat- 
m t -  
NO. 
- 
Local Lowi NO 
laul Improved No 
lmprowd Local No 
l m p d  Improved No 
Improved Improved Yw 
Loul Loul NO 
Local Improved No 
Improvtd Local No  
Improved Improd No 
Improved Improved Ye8 
Aver= 
Gross lnputa 
returns 
(Rslha) (Rslhu) 
1716 1230 
2147 1116 
2185 1576 
3W3 1491 
3374 1745 
2610 1273 
3069 1225 
3891 1672 
4802 1557 
5623 1811 
- 
Gross 
profit 
T& 4. A w w  mm mn* I n m ,  and pxa mnu Imm lmpmred 
t addau  fa tbc porkd 1976.1979 ma red wll (Alllwl) 
at ICRlSAT Cmta. 
Treat. DCrriptfon of MI-1 A v e n a  
merit 
No. Sood F d -  Mumpb Irri- Oras Inputs Cmm 
l i r s  m t  pation returns pro61 
rnb)  (Wha) (&/ha) 
RI. 424 to Rs. 2,625. Improved ccodr alone p v e  a bonefit to cost 
ratio of 10.7, improved fertilizer p v e  2.38, and improved see& 
plus fertilizzr 3.9. For tho package of practices without supple- 
mentary irrigation the benefit-to-cost ratio war 11.0. For this 
d l ,  irription did not increase the profib obtained. 
Adopting full prckagn of p n d k n  
The stepwise, or piecemeal, adoption of a package of practices 
commencing with a combination of improved seeds and fd l i ze r s  
will enable the sprud of modern agriculture and higher production 
throughout the rainfed areas. Wherc thc lead practices arc already 
in use, or in well-favored locations, it is possible to consider edopt- 
ing a full paokage of proven practices. Although the total effort 
required to convince the farmer to use such a package is greater, 
the benefits are correspondingly larger. 
One technolorn that appean to be ready for adoption on a 
wider d o  is the rainy-=son use of millions of hectares of deep 
Vertisols that currently are farmed only in the postrainy-sesson(3), 
A tmhnology developed at ICRISAT and tested on the rcrearch 
station at an operational rosle over the last 7 years has been moved 
this year into p i lo t -de  testing in farmers' fields. The technology is 
bullock-powered and b e d  upon the wncept of the small watershed 
as the basic resource management unit. It appears well suitcd to the 
docp Vcrtiaols with annual average rainfall berwem 750 a d  1200 
mm, thbt is, to vast areas of soils in the states of Madhya Pradedh, 
Mahamhha, Andhra PRdcah, and Karnataka. Cooperative and 
independent r ~ e a r c h  by ICAR and University wientists give results 
bat  agree in many rapecb with those achieved at  ICRISAT. The 
possibility of utilizing this tcohnology in whole or in part appean 
to be r ecopnM in the Sixth EYear Plan whiah rc fm h a g r a p h  
B.30, page 103) to incrwsing ~gricultural production in rainfed Lands 
Dn a watmhed barb in a r m  with urnual avarage rainfall between 
750 and 1123 mm. . 
For on-farm verification of the tteohnology, we have been work- 
ing with farmm in the vilisge of T.dd.np.Ue, 40 km north of 
ICRISAT in M&k Mswiot. It hac the right wih, dopa, and 
ninfall. The farmm afm some initid hesitation q r c s d  to oo- 
3pentc with ua even though it m a n t  s u b r i r l  changu in th& 
manner of farming and some changa in other aspects of their live%. 
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The farmers arc very poor in this village, but they agreed to pay 
virtually dl the oolts and do virtually all the work that was needed 
to test the technology. Where they needed financial help, the State 
Department of Agriculture assisted them in finding it, either through 
the banks or through misting government channels. The rcscarch 
agenciekICRISAT. ICAR, and APAU--agreed only to provide 
advice and some smicer, and ICRISAT agreed to compensate the 
flumats up to the normel level of their traditional yields if the 
experiment proved to be a failure. 
In February of this year, after the traditional mop had been 
harvsted, ICRISAT and State enginem surveyed the land and 
plannd the watershed, leaving in place the property boundaria. 
The fanners did the land smoothing work with their own animals 
and equipment, but used the ICRISAT tool carrier behind their 
bullocks for most operations. The animals were rather weak, and 
bsoawe the traditional crop war harvested late, the soils wore already 
quite hard. It did not take long for the farmers to get used to the 
equipment, but the beds and furrows ware not well made-but no 
)worse than the Erat ones we put in at ICRISAT. 
Although the farmers were willing to install drainnge ways on 
their own land, they were not willing to work colleutivoly to install 
the neonsary community drains to conncct the watershed to the 
existing main drain system. In consequence, in the very heavy rains 
in the early part of the year the watershed did not work properly 
and the lower parts of some Eelds were flooded. When the farmers 
saw this and saw how this did not happen at ICRISAT, we wne able 
to persuade them to undertake the construction of the community 
drains. The State Department of Agriculture, through its existing 
soil conservation programs, paid for their labor to put the drains 
in place. Sin- then, in a year where the rainfall has been 70% above 
n o d ,  there have been no further problems of waterlogging or 
drainage. 
lCRlSAT and the other rssaroh agencies recommended which 
orops would be bat, but the fanners made their own choices. In 
conrcqumoc, on this 15 hectare watershed with 14 farmers we have 
eight hterent crop combinations. With one exception, the crops 
have done well and far e d  anything elss for miles around. Not 
surprisinety, there have beea wmc problems. The farmera are not 
urcd to growing c r o p  during the niny scaron, nor are they umi 
to obClining such high yields. Threshing and storage are new 
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problem for them, .meMuUed in thir very m you baaw it 
~ w t b k a p o u i b l e t o d r y t h c ~ i n m t h c h a d i n t h e ~ d .  
Avenge yioldc on the 23 wpatc fid-me farmm divided 
their fields to try d i f f m t  crop w m b ' i o l l b h a v e  been 2,000 
kgpa for sorghum pain, 7,MO kdha for uxghum dry fodder, 
1,7@ kdha for nuire grain, 3,600 kg/ha for rmirc dry fodder, and 
490 k & b  for mung bean. Much of the crop will be sold this ycar, 
bur some will be corullmed within the village. Baied on mrka 
prim, fanners have already covered thar direct wsb, iduding the 
cost of land smoothing, and dyrping, and have made a profit. And 
they ltill have the pmminy--on crop to wme. Moat of the 
adjoining farman, having fallowed their land in accordance with 
traditiond practice. have &a yet reaped ndther food nor inwme. 
The crratio nature d minfaU always maka reinfed fa* a 
riaky businens. The farmer is well aware of thin, indeed he seems 
prewcupied by it. He tends to plan far the bad ya r .  1 There b ample evidence to show that the incrtared yields that 
come with the nsc of improved seeds are aowrnpanied by incrmed 
fluotuations around the mean. Although the abrolutc va148bility is 
thus increared, the relative variability is rduoed baause of the 
higher avenge yielda obtained. Thh increased variability-or 
instablity-arrainly w ~ m u c  the henomist. Does it worry the 
farmer, and if w, what ahodd hc do about it? 
No doubt the farmer u coaomed about risk. Hir in a vay  risky 
We, but wc now know that he docs not rhun rbk. We find that he 
is moderately but not strongly avwe to risk; he is willing to acorpt 
the risk involved with improved am& if their yield potential is high 
and t b y  othmvise meet his nesds. Incre.4 variability or instability 
wiU not concern him too much if he continues to make a profit 
A oonoem for completo crop failure will remain him from investing 
in modem agrffiultun. 
Multiple oropping, and puticularly intmopping, in- 
stability, ar ahawn in one roocnt study by ICRISAT. I t  au found 
that crop failure with p w n p a  m y  oxur 1 year in 5, in sorghum 
1 you in 8, but with the intercrop of sorghum and pigeonpa only 
1 ycar in 36. It u mu, from r mathemrtbd point of viuw, that tb 
oombiition of the intercrop ia less stable than it should be, b a  
this should not worry the farmer. His productive agricultural life 
is unlikely to extend to the 40 years n ~ d e d  to test the stability of 
intercropping. 
Instability is also reduced by using cultivan that are resistant to 
pests and diseases and by using more uniform planting dares district 
by district. As has already been mentioned, the farmer may often 
have access to a small supply of supplumental irrigation, which if 
used judiciously can prevent significant reductions in yicld. 
From years of exp.riena, the farm~r understands how to cope 
with drought in all but the worst years. His ability to handle the 
situation depends upon the nature and size of his farm, the produc- 
tion systems he uses, and the attrrnativcs available. Small farmers 
adjust more rapidly than largu ones. A mechanized farm can install 
drought-adaetinn eractices more raoidlr than a nonmwhanized one. 
- . -. 
a sole commodity farm is loss adakb ic  than one with mixed com: 
modities. In the infrequent years of very scvere drought, govern. 
ment intervention is essential. Left to himself at thosc time9 the 
farmer may need to dispose of his productive assets, to migrate in 
r rch of work, even to sell his land. He and his family may never eeover from such drmic step. A minimum progrnm of crop 
insurance in raided farming will serve not only to take care of thcse 
~roblems but to act as a substantial incentive to r a i r  eroduction 
in general. Thero is no doubt that the farmer in rainfed &riculturc 
in India underinvests beuruse of unccrtaintv and risk. Guarantee 
him a c~mtain minimum and his conservative wonomto stance will 
change. 
Thc technology needed to dsvdop the rainfed regions must be 
supported by adequate and timely supply of improved seeds, ap- 
propriate for t i l im and agricultural ohemicals, and the provision 
of teehnioal and inrritutionnl scrvicer. 
To establish the lead combination of improved seeds and ferti- 
lm throughout the rainfed area, there must be a supply of im- 
proved input-responsive seeds of an array of mops. Almost all the 
annual mops of India are grown in this vsst area, and farmers onm 
need to change the crops they grow for a v~riety of reasons. Op- 
portunitis to choope must be available. The strong agricultural 
rrs~mh network chrt India has built can service this n d  
New mrrkct facilities and strategis wiU be needed to c o p  with 
increased local supplin, of orops. Storage facilities will be needed 
both on-farm and in Local market towns to prevent storage losses 
and to help ensure that what is supplied through the market nehvork 
is in rrasonablc balance with demand. 
With the necessary institutional servioca in placc--pa indeed 
they are in most of the rainfed districts--and aced and fertilizer 
supplies assured. the Ica&oombination can be sprcad by an expanded 
and well-organizcd program of extension demonstrations. Achieving 
the adoption of a full package of practices is more difficult. I1 
requires the organization of village-level operational rescaroh and 
pilot projects. 
The key to the suwess of such projects is the human factor; the 
interest and involvemmt of the farmers and the constant and dedi- 
cated attention of trained, motivated, and resourceful field extension 
staff hacked up by production and management special~sts who are 
available when called. The Union Minister of Agriculture and Rural 
Reoonstruction in his inaugural addmss at the 75th Anniversary 
Celebrations of IARl suggestad creating a management infral 
structure in which the State would bsome a partner with thc 
millions of small and marginal farmm in the management of a 
modem agriculture wholly owned by the fanners themselves. Public 
smants  oriented towards joint management with farmers could 
ensure s u m  not only of the pilot projects but also of the subs* 
qucnt operational projects dvoughout the Innd. Without such 
support, a program of development of tainfed apiculture muld 
baromc r "shell without substance" the term used by Sudhir Sen(41 
to d d b o  tho Community Development Program in its latter day& 
A c b i s ~ 4 P a c r t G r M b b M ~  
The Sixth $Year Fbn p r o w  an average wunl growth in m e &  
grain production of 3.65 % o v a  the Plan period. FA0 has called f o ~  
4%. 1 have Mcd to show that inorclsed production d grain orn hc 
obtaind by developing rainfed agrioultwe. It u interarting to con. 
lidm whether and how tho additional production could be achievsd 
from the rainfed srsss, r h t  is, to raise thc Sinh Pian ocrerl gmir 
pmdvotion target by 2.3 million tomes o v r  the 5-yar period. 
The d e s t  way would be to enab lbor  simply to allow- 
sorghum produotion to oontinue to incrsue at or nar thc avongc 
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rate, 6.3%. that it has increased over the most recent 8-year period 
for which data is availablu-1969170 to 1977178. This would more 
than fulfil the requirement. An annual average growth rate for 
sorghum production of only 5.6% would provide the added 2.3 
million tonnes required. There seems no reason to think that this 
could not bu achieved, particularly beonuse the Sixth Plan emphasizes 
increased production from rainfed agriculture. 
Other crops besides sorghum arc, of course, necessary; the 
emphasis on sorghum is to some extent symbolic. Pearl millet pro- 
duction could cenainly be increased now that new downy-mildew- 
resistant hybrids are available. More pulses, oilseeds, and fibre crops 
could also be produced. 
For maize and rainfed rice the situation is different. Suitable 
technologies aoocptablc to the farmer do not yet seem to have been 
evolved for these crops in the areas where they are mostly grown. 
A substantial effort in agricultural research and extension and 
improvements in infrastructure are still required to raise growth rates 
of production for these crops. The efforts are needed in eastern India 
and the h~lly and tribal areas. The efforu would be rewarding, 
'therefore , f or important social reasons. 
The additional requirements for inputs to obtain the increased 
production appear quite modest. Using as a basis for calcllation the 
results of the national agronomic dumonstrations in r m n t  years, I 
have oalculat<:d that an increase in sorghum of 2.3 m'llion tonnes by 
the end of the Plan period wo dd add only a b o ~ t  1.5% to the Plan 
targets for certified seed and for nitrogen, phosphorus, and potas- 
sium f~rt i l ims.  No doubt the Plan proposnls for increases in these 
inputs are already considered highly optimistic or ambitious in some 
quarters, but the totals 1 am talking abou:, that is, adding about 
8,000 tomes of certified seed and 130,000 tonnes of additional plant 
nutrients, do not seem to me to placc an insuperable extra burden 
upon the industries co~ccrncd. Surely Coromandd Fertiliscra Lbi. 
would appreciate a chanrr to hclp m e t  tho challenge. 
The Government has reuently acknowledgdd shortfalls in the 
rupply of certified &a. But the seed r a t s  for sorghum, the millets. 
and maize are so low-about one-tenth the sced rates for irrigated 
wheat and rice--that problems of seed supply could 8urdly be 
minimired. 
Supply of c o w  is not enough. Distribution and toobical ser- 
vim arc both -6al components of s u h  a program. The Govern- 
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m n t  has already given a lead by insisting that fertilizer distribution 
to a t  least cvcry block headquarters in the country should be aooom. 
plished by the end of this Plan period. The fmtUizer indurtry although 
raising some caveats has a p e d  to try. 1 hope it will be possible to 
go further; to bring inputs to every villzge, at least in that rainfed 
region with rainfall between 7% and 1200 mm, whcre tho greatest 
potential for increased production cxists. 
Improvements in tcdmic~l  scwicos arc already in hand. The 
country has embarked upon a determined effort to increase the 
efficicncy and availability of agricultural extension services through- 
out the country. My impression is that it is succ:oding but that it has 
a long way to go. ICRISAT and State Agricsltural Universities have 
bccn undertaking coopcrative socioeconomic studies in 11 villages, 
7 of them within the most suitable area for inorcares in rainfed 
farming. None of those villages app,ar to be r~ceiving regular atten- 
tion from the extension scwiccs. The farmers have been only vaguely 
aware of the real potential of improved tshnology. We have since 
introduced in~provcd technology into four of those villages, and the 
farmers have been most intercstd and rerponsive. 
Privatc industry too must do its share. The rewards appear suo- 
rtantial. In a recent publication, one fcrtilizn company described its 
own experiences in participating in a production campaign in rainfed 
areas in Maharashtra. Ovcr a 3-ycar period, fertilizer consumption 
was inoreased at a compound annual growth ratc of 34% and the 
company incrascd its own sal :s a t  a compound a n n u l  growth ratc 
of MI:'<. I am sure that supply rathcr than demand will limit the 
continuance of growth rates of this magnitude. 
The research and demonstration efforts that have been made in 
recent years in the rainfed areas have idenrified a few items that are 
needed in addition to the normal technical and institutional services 
for agriculture, Improved land management increases the demand 
for bullock power compared with p r w n t  u t i l i t i on  patterns. Small 
farmers in particular find the lack of bullocks to be a major w m -  
traint. If the banks.presently do not provide loans for the purchase 
or oustom-hiring of animals, policies may be requird to enable Lhio 
to be done. 
To effect the improved drainage that is needed during palo& of 
heavy rainfall requires the provision of community d r a b ,  that i8, 
drains that serve several farmers or r e v d  vvillgs. The farmers 
themselves quite naturally are unwilling to bear the ws t  of these 
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community w o r k  although they may be willing to provide the 
necessary labor. State Soil Conservation programs are able presently 
to provide only part of the funds and sewices required. Other major 
rural devolopment programs. such as the Food for Work and 
National Rural Employment Programs presumably could be utilized. 
At the p rmnt  these appear to be mostly oriented towards the 
drought-prone areas, but grcater coverage throughout the rainfcd 
region of the country would seem necessary and beneficial. 
Improved technology, at l a s t  as we see it from ICRISAT, 
requires some improvement in farm implements. Wheeled tool 
carriers, if heavy enough, imptove seed and fertilizer placement and. 
by reducing the bullock-power and manpowor needed for each 
operation, increase the number and timeliness of the operations that 
can be performed. The tool carriers and implements that perform 
best are costly-at about one tenth of the price of a tractor--and are 
out of the reach of individual small farmers. Entrepreneurs who 
would custom-hire the tool carrier may need to be encouraged by 
appropriate policies. One possibility would be the extension of the 
educated unemployment acheme to include the financing of wheeled 
tool carriers. 
I have not tried to calculate the additional outlays of public funds 
that would bc needed to promote increased production in the rainfed 
areas. My impression is that the amounts would be modest, probably 
of a similar order of magnitude to what I havc shown for increased 
inputr. Perhaps these arc already in train in accordance with the 
Sixth Plan's emphasis upon rainfed agriculture. Actually thc planned 
growth rates for rainfed cereals that are shown in the Sixth Plan and 
Table 1 do not seem to agree with the stated emphasis. The higher 
figures that I havc proposed would, I suggest, bring anticipated 
whievements more in line with the statement and with the major 
Plan objectives of increasing growth through more efficient use of 
resources and improved productivity, in reducing poverty and 
uncmploymmt, in reducing regional inqualities in the rate of 
development, and in protecring and improving the nation'r ecological 
and environmental asuvi. 
c- St1ta- 
The rainfed ares k the home of millions of people. Their PW 
w i n  incomc k low. Most of them are diradvantapcd and bwkward 
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by every measure and criterion. Their basic needs are in.dcqua(oly 
met. 
An increase in rainfcd farming of the magnitude that is auggated 
here will add many crores of rupees to total inoome, but the increase 
in per capita income would be small. For the rural areas in which the 
income increases would actually occur, however, they would mean a 
lot. For example in the Akola district of Msharashtra, our research 
over the last 6 years shows that use of the lead practices of improved 
seeds and fertilizers throughout the district would double gross 
returns and, after allowing for normal costs including more labor or 
increased returns to labor, would provide a net increase in per capita 
income to small and medium farmers and their families of about 
25 %. 
What would the rural people do with such an increase? Strangely 
enough there is little rescarch information available to answer this 
question. There are numerous studies on the inverse of this question. 
"What do they do in times of drought?" but next to nothing on what 
they will do in good times. 
What evidence is available from expenditure and price elasti-, 
cities(5) suggests that they would consume more food: more calories 
and more protein, more sugar and less starch, more protective foods 
such as milk, vegetables, and fruits. If they could obtain more fuel 
they would have more cooked meals and fewer intestinal parasites. 
No doubt they would put more into important social obligations. If 
their incomes increased'sufficiently they would buy more radios- 
thereby increasing their w a s  to teohnological information-and 
bicycles-thereby increasing their awess to the market. They might 
elect to keep their children in school for one more year or improve 
their homes and household sanitation. Surely rural people can hope 
for--sen expect-such modest improvements in the quality of 
their lives. 
I have left to last a considnation of the utilization of the incrcas- 
ed crop production that would come from a push to develop rainfed 
agriculture. There il no need to dwell on what would happen to the 
increased production of pulses and oilsoeds, nor do I tbmk that any 
case needs to be made for the inneased produotion of industrial 
crops. This leavea us then with only the meals to worry about. h 
there a problem? I think not. While the whole cmphuis of this 
looturc and indeed of Govemmmt's plans in lgricuiturs mlate to the 
dl-important concan to ensure food supplies for the people, it u 
obvious that Ihe f e d  grain industry in this country is growing at a 
faster rate than the food grain industry. There is potential there to  
absorb additional produotion. 
India's involvement in the international grain trade over the last 
two decades has mostly been on the receiving end. This, too, is 
changing. Over the last 2 years or so, there have been exports of 
grain. The Minister of Agriculture and Rural Reconstruction in the 
ipeffih referred to earlier has suggested that this country could export 
5 million tonnes of fooderains in the next few Years on a continuino 
basis. The Sixth Plnn ref& only to the export of rioc, but there is no 
reason not to include other food--and feed-grains. 
Finally, if the farmer cannot find anything else to do with the 
grain he produces, he and his family can always eat it. The rural 
people of this country have nutritional deficiencies, the most im- 
portant in calories. They simply do not get enough to eat. Our 
studies on the disaggregation of risk in rainfed agriculture show that 
the farmer faces greater instabilities in yield than in price. The sub- 
sistence farmer and his family must still worry most about their 
ability to subsist. They must somehow get beyond this stage if they 
are to contribute to development. 
The succmsful agricultural experience of recent years has taught 
u that agriculture is a potent instrument for rapid economic 
growth(6). What now needs to be realized is that the rainfed areas are 
not just problem areas requiring famine relief and protection; they 
can be major contributors to growth, and to increasing employmmt 
and to Ihe rapid reduction of rural poverty. 
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